One random spin-1 2 XY chain that after Jordan-Wigner fermionization reduces to the extended Lloyd's model is considered. The random-averaged one-fermion Green functions have been calculated exactly that yields thermodynamics of the spin model.
On the other hand, W.John and J.Schreiber suggested an extension of Lloyd's method to off-diagonal disorder [6] that was successfully used in the study of disordered systems [7] [8] [9] [10] [11] . The idea of the present communication is to exploit Lloyd's model with off-diagonal disorder for analysis of thermodynamics of the corresponding random spin- 1 2 XY chain.
Similarly to [2] we were able to calculate exactly various thermodynamical quantities, although found somewhat different results of influence of randomness on these functions.
We consider N spins 
where Ω n is a transverse field at site n and J n is the interaction between the sites n and n + 1. The latter are taken to be random with a probability distribution density
that is the product of lorentzian distribution densities at sites that are centered at J 0 with the width Γ. In order to treat the model (1), (2) in exact manner the transverse field Ω n at each site must depend on surrounding intersite interactions in the following way
where Ω 0 is the averaged transverse field at site.
Really, by Jordan-Wigner transformation from operators s 
For calculation of thermodynamical properties of the model (1) one can omit the boundary term B [12] , and hence one faces with one-dimensional version of Anderson's model with the off-diagonal disorder considered by W.John and J.Schreiber.
In order to study thermodynamics one should diagonalize the bilinear in Fermi op-
). The ). The Helmholtz free energy averaged over random realizations is given by the same formula only with the random-averaged density of states ρ(E), where the averaging is defined by (..
On the other hand, the temperature double-time Green functions Γ
, ε → +0 yield the density of states for a certain random realization:
In result the averaged density of states is determined by the averaged Green functions G ∓ nm (E) via the relation
Finally, following [6] one can derive the exact expression for G ∓ nm (E). First it is necessary to write a set of equations for G Therefore, every contour of integration should be closed in the half-plane where there is only the pole originated from lorentzian distribution, and after trivial use of residues one gets a set of equations for the averaged Green functions that possess already the translational symmetry and hence may be solved in a strandard way. The final result for the averaged Green functions reads
The obtained averaged Green functions (5) permit to study thermodynamics of spin model (1)- (3). Really, the required averaged density of states that follows from (5) reads
The entropy and specific heat can be calculated by formulae
Due to the noteworthy property of (6)
ρ(E) one can express transverse magnetization and static transverse linear susceptibility through the density of states
Let us discuss the obtained results. In the absence of randomness (Γ = 0) (6) reduces to the well-known result:
The isotropic XY model in random lorentzian transverse field treated by H.Nishimori may be obtained in the limit Γ → 0, | a | Γ = const = Γ N . The model in question (1)- (3) essentially differs from that model: the density of states (6) in contrast to the case of diagonal disorder is not symmetric with respect to the change E − Ω 0 → −(E − Ω 0 ).
However, it remains the same after the replacement E − Ω 0 → −(E − Ω 0 ), a → −a, or
, since the simultaneous change of signs of J 0 and a in (6) does not affect ρ(E). For convenience hereafter will be put J 0 = 1. The above-mentioned symmetry of the density of states can be seen in Fig.1 , where the averaged density of states (6) for Γ = 1 is displayed. The density of states for non-random case is depicted in (7) (Fig.2) , specific heat (8) (Fig.3 ) and static transverse linear susceptibility (10) (Fig.5) and the dependence on averaged transverse field at low temperatures of the transverse magnetization (9) (Fig.4) ; the curves that correspond to non-random case are depicted in these figures by dashed lines. The influence of randomness on thermodynamics is mainly rather typical. It leads to weak deformation of the curve entropy versus temperature with decreasing of entropy at high temperatures (Fig.2) , broadening and decreasing of the peak in dependence specific heat versus temperature (Fig.3) , smearing out of the cast in the m z versus Ω 0 curve at T = 0 for Ω 0 = J 0 and nonsaturated transverse magnetization at any finite transverse field (Fig.4) , suppressing of static transverse linear susceptibility versus temperature curve (Fig.5) . However, as can be seen in Figs.2-5 the influence of disorder, especially for small a, essentially depends on the sign of a. Particularly interesting is the case of strong asymmetry in the density of states ρ(E) when | a |≈ 1.
From mathematical point of view the dependence of computed quantities on temperature and averaged transverse field and the well-pronounced difference between the cases a ≈ −1 and a ≈ 1 can be understood while bear in mind that these quantities according to (7)- (10) are the integrals over E of the products of ρ(E) depicted in Fig.1 by the functions with evident dependence on E at different β. It is interesting to note that for some It is worth to underline that the asymmetry of ρ(E) leads to the appearance of nonzero transverse magnetization m z at zero averaged transverse field Ω 0 . As it can be seen from
. This is evidently true for a symmetric density of states ρ(E) (as in the case considered by H.Nishimori) but is not obvious in the case in question (6) . The difference between the integrals To summarize, this paper is devoted to thermodynamics of spin- (6) and thermodynamical quantities (7)- (10) seems to be interesting from academic point of view since they permit to understand the disorder effects and from applied point of view since they may be used as a testing ground for approximate methods of spin systems with off-diagonal disorder.
Unfortunately, the obtained results do not permit to calculate exactly the averaged spin correlation functions because such calculation requires the knowledge of averaged many-particle fermion Green functions. Spin correlations and their dynamics may be examined using exact finite-chain calculations developed in [14, 15] . at Ω 0 = 0.5.
